Introduction
Drying is one of the most widespread methods for postharvest preservation of agricultural products since it allows for the quick conservation (Dadali et al., 2008; Doymaz & Kocayigit, 2011; Discala et al., 2013) . Vegetables, fruits and crops normally contain a high level of moisture and microorganism. For this reason, immediate drying is a requirement in postharvest processing to avoid quality losses of these perishable agricultural products (Balbay et al., 2012; Al-Harahsheh et al., 2009; Soysal, 2004) .
Several drying methods are used in the drying of plants and foodstuff. The use of microwave technique in the drying of products has become common because it minimizes the quality loss and provides rapid and effective heat distribution in the product as well (Li et al., 2009; Alibas et al., 2010; Dong et al., 2011) . Besides, high quality dried product is acquired via microwave drying in addition to the reducing in drying period and energy conservation while drying (Balbay et al., 2011; Zhang et al., 2006; Li et al., 2010; Evin et al., 2012; AlibasOzkan et al., 2007) .
Thin layer drying is the process of drying in one layer of sample particles or leaves. Many mathematical models are used in order to describe the thin layer drying process. Mathematical modeling of thin layer drying is important for performance improvements of drying systems (Kardum et al., 2011) . Thin layer drying models can be categorized as theoretical, semiempirical an empirical models (McMinn, 2006; Alibas, 2014) .
The aim of this study was to (i) investigate the kinetics of the thin layer drying of orange leaves, (ii) compare the developed several theoretical, empirical and semi-empirical mathematical models and estimate the constant of several models, (iii) determine the best fit using statistical analysis, (iv) determine the effect of microwave power density on constants and coefficients in the selected models according to Arrhenius type equation, (v) calculate the activation energy and effective moisture diffusivity, vi) derive a relationship between the drying rate constant and the effective moisture diffusivity. where: M R is the moisture ratio; M is the moisture content at a specific time [kg (moisture) 
Diffusivities are typically determined by plotting experimental drying data in terms of lnMR versus drying time t in Equation 7, because the plot gives a straight line with a slope as (π 2 D eff )/(4L s 2 ).
In this study, the Arrhenius equation was used in a modified form to illustrate the relationship between the kinetic rate constant and ratio of the microwave output power density to sample amount instead of the temperature for calculation of the activation energy as the temperature is not measurable variable in standard microwave oven used for drying process. The activation energy was calculated using the Equation 8 and Equation 9 (Demirhan & Ozbek, 2011; Sarimeseli, 2011; Dadali et al., 2007a) .
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where: k is the drying rate constant obtained by using 
Mathematical formulations
The regression coefficient (R 2 ) was primary criterion for selecting the most suitable equation to describe the microwave drying curves of celery leaves. The correlation can be used to test the linear relation between measured and estimated values, which can be calculated from the following Equation 1:
where R 2 is called the coefficient of correlation, M Rexp,i stands for the experimental moisture ratio found in any measurement, M Rpre,i is the predicted moisture ratio fort his measurement and N is the total number of observations. 
where n i is called number of constants.
The root mean square error (RMSE) may be computed from the following equation which provides information on the short term performance (Equation 3).
Chi square (χ 2 ) is the mean square of the deviations between the experimental and predicted moisture levels. The lower the value of the reduced χ 2 , the better is the goodness of fit (Equation 4). 
Effective moisture diffusivity and activation energy
Experimental results can be interpreted by using Fick's diffusion equation. Fick's second law of unsteady state diffusion given in Equation 5 (Al-Harahsheh et al., 2005; Evin, 2012; Alibas, 2014; Sarimeseli, 2011) .
Data analysis
Twenty empirical and semi empirical thin-layer drying models given in Table 1 have been taken into account in this study. Non-Linear regression analyses of these equations [Eq(11) -Eq(30)] were made by using SPSS statistics 17.0. Non-linear regression analysis was performed to estimate the parameters k, k 0 , k 1 , k 2 , a, a 0 , b, c, g, h, L and n of theoretical, empirical and semi empirical equations in Table 1 .
Result and discussion

Curves and mathematical modeling
In this study, apart from 20 thin-layer drying models ] defined by various researchers in Table 1 . Values of moisture ratio (M R ) depending on time (t) of celery leaves were given in Figure 1 . The drying periods of celery leaves 
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16 Weibull distribution (Babalis, 2006) Page's model gave a better fit for all drying conditions applied of microwave dried spinach leaves among of the eight thin-layer drying models proposed.
Estimation of effective moisture diffusivity and activation energy
The effective moisture diffusivity of celery leaves was described using the drying data. Non-linear regression technique was used to estimate the effective moisture diffusivity (D eff ) of Fick's diffusion equation Equation 9. Depending on the drying conditions, effective moisture diffusivities of celery leaves ranged from 1.595 10 -10 to 6.377 10 -12 m 2 s -1 for the microwave output power density between 20 and 1.8 W g -1 , respectively. According to Eq. (9) which is calculated, the effective moisture diffusivities, the corresponding values of the coefficient of determination (R2) were presented in Table 4 for various microwave output power densities.
In this study, as the temperature is not measurable variable in standard microwave oven used for drying process, the Arrhenius equation was used in a modified form to illustrate the relationship between the kinetic rate constant and the ratio of the microwave output power density to sample amount instead of the temperature for calculation of the activation energy. After evaluation of the data, the dependence of kinetic rate constant on the ratio of microwave output power densities to sample amount was represented with Dadali et al. exponential Equation 8 (Evin, 2012; Sarimeseli, 2011; Dadali et al., 2007a, b; The activation energy were also calculated using Equation 9 derived by Dadali et al. (2007a, b) and Özbek & Dadali from an initial moisture content of 91.75% ± 0.15 to 8.95% ± 0.12 were 5. 5, 6, 7, 8, 9, 11, 30 and 77 min in microwave power densities of 20, 17, 15, 13, 10, 7, 3.2 and 1.8 W g -1 , respectively. As the microwave power density increase drying time decreases profoundly. Similar findings were found by several researchers (Al-Harahsheh et al., 2009; Evin 2012; Alibas 2014; Demirhan & Ozbek 2011; Sarimeseli 2011; Alibas, 2012; Karaaslan & Tunçer 2008) . Moreover data obtained experimentally in Figure 1 and data of estimation obtained with "Weibull distribution model" whose coefficient of correlation (R 2 ) is highest within 20 models defined in Table 2 were also given. Since the value of the coefficient of correlation (R 2 ) in drying tests is too close to value "1", data of model and estimation on Figure 1 seemed to coincide with each other. The value of "1" for coefficient of correlation (R 2 ) means that estimation data corresponded well with the experimental data.
Apart from Weibull distribution model which is defined for the first time in this study, values of standard error of estimate (SEE), coefficient of correlation (R 2 ), root mean square error (RMSE) and chi-square (χ 2 ) about thin-layer drying models that were defined in the literature were also given in Table 3 for all microwave power density. Demirhan & Ozbek (2011) determined that the semiempirical Midilli et al. model gave a better fit for all drying conditions applied of microwave dried celery leaves among the eight thin-layer drying models proposed. Evin (2012) found that the experimental moisture loss data were fitted to the 14 thin layer drying models. Among the models proposed, the Midilli model precisely represented the microwave drying behavior of G. tournefortii. Sarimeseli (2011) found that the coriander leaves were dried with microwave radiation and the semi-empirical Midilli et al. model . The values of pre-exponential factor (Do) and activation energy (Ea) were estimated as 1. . Sarimeseli (2011) determined that the effective moisture diffusivities were found to be 6.3 × 10 
Conclusions
The effects of different microwave power density on the drying of celery leaves were evaluated based on the drying parameters such as the drying time, the moisture on a wet basis and the drying rate. Drying period was completed between 5.5 and 77 min at the microwave power densities between 20 W and 1.8 Wg -1 . Drying tests were done at the microwave power density values of 1.8, 3.2, 7, 10, 13, 15, 17 and 20 W g -1 . Twenty different drying models were used in the study and chi-square and coefficient of correlation (R 2 ) values and constant and coefficients of these models were calculated. Weibull distribution's model was found as the best model within all drying trials.
The effective moisture diffusivity was also calculated to understand the mass transfer mechanism of celery leaves at various microwave output power densities and sample amounts. For a constant amount of 50 g sample, the effective moisture diffusivities increased from 1.595 10 -10 to 6.377 10 -12 m 2 s -1 with an increase in microwave output power density. The activation energy of celery leaves was calculated by using the exponential expression based on Arrhenius equation and found similar as 13. 515 and 14.198 
